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Models and Simulation Methods
155
In this study, the canopy model ACRM (Kuusk, 1995a (Kuusk, , b, 2001 ) was utilized to simulate 156 PRI. This RT canopy model is equipped with an enhanced Markov chain bidirectional gap 157 probability function that has been utilized in various studies using forward and inversion modes 158 to validate and/or to estimate plants biochemical properties at leaf and/or canopy level (Cheng et 159 al., 2010; Cheng et al., 2006; Fang et al., 2003; Houborg et al., 2009; Houborg et al., 2011) . In 160 our previous study, in which ACRM successfully simulated PRI for a young corn canopy,
161
ACRM was set to run in its forward mode utilizing in situ leaf and soil background spectra to 162 simulate canopy spectra at various viewing geometry (θ v, , ψ) configurations (Cheng et al., 163 2010). PRI was derived from the ACRM-simulated canopy reflectance spectra, and compared 164 with the PRI derived from in situ canopy reflectance spectra. In this study, we followed the 165 procedures presented in Cheng et al. (2010; 2011) and ran the model in two different modes: (i) 166 with optical properties of sunlit leaves (only) in a single layer, or (ii) with both sunlit and shaded 167 leaves in two layers, where the shaded layer laid below the sunlit layer. PRI was then derived 168 from ACRM-simulated spectra and compared, as before, with PRI derived from in situ canopy 169 reflectance spectra for validation. Values of other essential input parameters for the model are 170 summarized in Table 1 . These values came from either ancillary field measurements (e.g., LAI) 171 or were decided based on previous studies (Cheng et al., 2010; Cheng et al., 2006; Fang et al., structure parameters to investigate their effects on PRI simulations. The important influence of 175 LAI on PRI simulations was reported. This study extends our progress and investigates how the 176 vertical distribution and partitioning of LAI between the sunlit upper and the shaded lower 177 canopy layers affect PRI simulations. In our earlier studies, when ACRM was set to run in the 178 one layer mode, the LAI of the upper canopy was assumed to represent the total LAI, or 100%, 179 such that the LAI fractions in upper/lower layers were 100% and 0% (i.e., 100/0). Likewise, 180 when ACRM was set to run in the two layer mode, the LAI fractions of the upper and lower 181 layers were assumed to equal half of the total LAI, (i.e., 50/50). In the current study, a sensitivity 2) demonstrate the influence of diurnal and directional effects on PRI values retrieved from a 217 cornfield.
ACRM-simulated PRI
219
Reflectance spectra were simulated as output from the ACRM. PRI values were 220 calculated from those and compared with in situ PRI for validation purposes in Figure 3 , where
221
PRI values from both field measurements and simulations were plotted against θ v and ψ (Fig. 3 222 a,c,e). ACRM-simulated PRI successfully captured the responses that in situ PRI exhibited to θ v
223
and ψ (Fig. 3 a, comparisons between in situ and simulated PRI are summarized in Figure 4 . For all three days, when compared with in situ values, simulated PRI using both sunlit and shaded leaves (Fig. 4) generated significantly smaller root mean square error (RMSE) than simulations with sunlit 243 leaves only (Fig. 4) RMSEs (≤ 0.0096) when the canopy was mature (Fig. 4) .
246
The performance of ACRM-simulated PRI was further examined by calculating the 247 difference from in situ values, which is summarized in Figure 5 . The thick black line displayed in were used in simulations, the differences were much closer to zero (Fig. 5b) , providing better 255 agreements with in situ values under all observation and growth conditions. However,
256
simulations done using both sunlit and shaded leaves for the VT canopy showed a small positive 257 bias for part of the ψ range at all θ v , whereas the differences appeared to scatter around zero at 258 the other two growth stages (Fig. 5b) . 
Canopy Structure and PRI Simulations
260
The importance of taking optical properties of both sunlit and shaded leaves into account,
261
as well as their relative proportions in the canopy, expressed as a canopy-level ratio, was further 262 investigated using the mid-season VT canopy data. Figure 6 shows how the ACRM-simulated was achieved for a 60/40 ratio, we can assume our field measurements were acquired at or near the 60/40 sunlit/shaded canopy conditions. Thus, our original assumption of a 50/50 ratio was 287 not the optimal condition for the mature VT canopy in 2010. 
332
The canopy PRI observations showed substantial dependence on viewing geometry 333 (Fig. 2) , similar to results reported in our previous study (Cheng et al., 2010) . sunlit segment of the canopy (Fig. 2 ). This is a consistent pattern that has been observed in 
Simulation Performance and Differences in Previous Study
367
In our previous study, we showed that using sunlit and shaded leaves in the ACRM 368 scheme can improve both the correlation and RMSE with in situ PRI values (Cheng et al., 2010) .
369
By considering the results from two field studies (2008, 2010), we can conclude that the most 370 significant benefit of adding shaded leaves as the lower canopy layer in ACRM was to improve 371 RMSE relative to field observations (see Fig.4 
Sunlit/Shaded Canopy Ratio
391
We tested various cases of variable sunlit/shaded canopy ratios, using our VT mature 392 canopy dataset, for which the ACRM-simulated PRI values (for a given θ v and ψ) were expected 393 to increase when the sunlit/shaded ratio changed from 100/0 to 10/90. Those simulations (Fig. 6 leaves only (100/0 in Fig. 7) , most of the data points fell below the 1:1 line, underestimating,
402
"true" field values. After adding optical properties of shaded leaves in the simulation, even for 403 the 80/20 case, the data points moved closer to the 1:1 line and generated a ~50% improvement 404 in RMSE (Fig. 7) . On the other hand, when even more shaded leaves than sunlit leaves were 405 included in the simulation (e.g., 40/60 and 20/80, Fig. 7 sunlit/shaded canopy ratios, where the upper layer is sunlit and the lower layer is shaded.
756
Simulations were done using parameters from the mature and green VT canopy, LAI = 2.48 on 
